Non-metric dental traits of modern human populations reflect not simply phenotypic plasticity but also reflect genetic change. In the present study, seven discrete crown characters were observed.
Introduction
The physical anthropology of the populations of East Asia and the Pacific has received increasing attention in the last few decades. It is quite likely that the original source for the populations who constituted the major migration into the Pacific in the late Pleistocene and Holocene periods might be Southeast Asia (RIESENFELD, 1956; SIMMONS, 1956 SIMMONS, , 1962 BOWLER, 1976; HOWELLS, 1976; TURNER, 1976 TURNER, , 1979 TURNER, , 1987 TURNER, , 1989 TURNER and SWINDLER, 1978; BRACE and HINTON, 1981; OMOTO, 1984) . Well-accepted great prehistoric migration theories in the Pacific have been briefly reviewed by the present author (HANIHARA, 1990) . In previous studies (HANIHARA, 1989c (HANIHARA, , 1990 , I attached great importance to Negritos of Luzon (Aeta) in the population history of East Asia and the Pacific. The dental characteristics of Negritos have something in common with those of the Neolithic Jomon population. some geographically isolated populations in Japan and the Pacific populations (Micronesians and Polynesians). Such a similarity would be more expected in the case of the former two populations (HANIHARA, 1990) .
On the other hand, at about 300 B. C. and the subsequent 1,000 years, the immigrants adapted to the cold climate from Northeast Asia caused in large part the radical change in physical characteristics of Jomon tradition (HANIHARA, 1985; OSSENBERG, 1986; DODO and ISHIDA, 1988) . Defining the genetic contribution of Jomon to modern Japanese, however, constitutes a major basic problem in Japanese prehistory. To address the question of the origin of such a native population in Japan, the attention should be turned to the Asian-Pacific populations.
Along with the metric dental characteristics (HANIHARA, 1990) , the present study extends the comparative framework to include geographically isolated populations in Japan, the Neolithic Jomon population, Negritos, and some Pacific populations as well as Neo-Mongoloid populations on the basis of the non-metric crown features.
Materials and Methods
The materials used in the present study were the plaster casts of permanent dentition of geographically isolated Japanese (Ainu and individuals from Aogashima and Okinawa), mainland Japanese, and Negritos housed in the Department of Anthropology and Prehistory, the University Museum, the University of Tokyo. The cranial series investigated consist of the Neolithic Jomon population, the Aeneolithic Yayoi population (from Doigahama site on the west coast of Yamaguchi Prefecture, Honshu, Japan), two Polynesians (from Mokapu site on the east coast of Oahu Island, Hawaii, and from Hane Dune Site of Marquesas Island) and one Micronesian (excavated from Guam). The first series are preserved in the Department of Anthropology, National Science Museum, Tokyo and the Department of Anthropology and Prehistory, the University Museum, the University of Tokyo, the second in the Department of Anatomy, Kyushu University, and the third and forth in the Department of Anthropology, Bernice P. BISHOP Museum in Honolulu, Hawaii, U. S. A. The detailed information on the latter two cranial series was already given (PIETRUSEWSKY, 1971; HANIHARA, 1990) . The data on Pima-Indians were cited from those observed by HANIHARA (1976) .
In the present study, the analyses were based on the non-metric crown characters. The traits recorded are shovel shape in the upper central incisors (depth of concavity more than 0.5mm); CARABELLI's cusp in the upper first molars (distinction of carriers: +++ by JORGENSEN, 1956); 6th cusp, 7th cusp, deflecting wrinkle and protostylid (using the criteria described by HANIHARA, 1976) in the lower first molars; and + 4 pattern in the lower second molars. The data were taken on the right side teeth excluding those which had caries or attrition. Hence, the number of teeth examined for each of the traits is not always the same. The maximum size of each population (based on individuals) are outlined in Table 1 . The data used are those from males and females in combination since almost no sex difference in dental characters was observed. The distance coefficients by SMITH as well as EDWARDS and CAVALLI-SFORZA are based on the angular transformation of the original percentage or frequency values. As regards the former method, distance coefficients are computed by squaring the differences in angular value measured in radians between the two populations for each of the characters studied. However, by applying angular transformations, we substitute the Euclidean way of representing distances, which has been applied so far, by a non-Euclidean (CONSTANDSE-WESTERMANN, 1972) . Using the squared chord, moreover, the longer distances are relatively underestimated and the specific properties of the multidimensional curved space are partly lost. On the other hand, E2 is based on the square root transformation. EDWARDS and CAVALLI-SFORZA (1972) provided the new projection which is an orthogonal projection onto the tangent plane of the hypersphere (curved space), along an axis equally inclined to all original axes, which is passing through the geometric centre of the population space. CONSTANDSE-WESTERMANN (1972) described that this projection preserved the properties of the multidimensional space over small areas and gave fewer differences between the angularly transformed distances on the one hand and their projections on the other. In both methods of calculating the distance coefficients, the various traits are considered and/or hypothesized as being independent each other. In this point, BALAKRISHNAN and SANGHVI (1968) as well as CONSTANDSE-WESTERMANN (1972) criticized that the "correlation" between the various categories characterizing one locus is neglected in E2. BALAKRISHNAN and SANGHVI (1968) developed other distance coefficients based on non-metric characters. Using the inverse of the pooled dispersion matrix, variables can be uncorrelated with each other and all the distances between each pair of populations are expressed in terms of the pooled sample standard deviation. Therefore B2 is mathematically one of the most sophisticated ways for calculating the inter-population distances (CONSTANDSE-WESTER-MANN, 1972) .
In this study, the sample size of Negritos is quite small. Therefore the probabilities that this small group (Negrito) actually belongs to each of the larger groups was estimated by means of the method proposed by SJ*VOLD (1975) . Moreover, cluster analysis and principal coordinate analysis were applied on the distance matrices obtained by the methods described above. All the calculations were performed using an NEC personal computer Model 9801 Vm 2.
In the following descriptions, geographically isolated populations in Japan (Ainu and individuals from Aogashima and Okinawa), Jomon population and Yayoi population will be referred to as isolated Japanese for the purpose of distinguishing them from mainland Japanese, Jomon and Yayoi, respectively.
Results The distances between every pair of populations by C. A. B. SMITH are presented in Table  3 . Fig. 1 is a dendrogram constructed from the distance matrix in Table 3 . The two Polynesians, Micronesian, Negritos and isolated Japanese are classified into a single major cluster of Jomon. This major cluster includes two distinct subclusters: one containing samples from the Pacific populations and the other containing samples from Negritos and isolated Japanese. A second major cluster consists of mainland Japanese, Yayoi and Pima-Indians. Fig. 2 is a two dimensional expression of eleven populations drawn by the principal co-ordinate analysis method applied on the same matrix (Table 3 ). The pattern of interpopulation relationships is quite similar to those in the dendrogram of Fig. 1 . Negritos are most closely related to Ainu. E2 distance coefficients were presented in Table 4 . Fig. 3 is a dendrogram drawn from this matrix. The two Pacific populations (Guam and Mokapu) are related to isolated Japanese, who are in turn related to Jomon, Marquesas and Negritos. One additional cluster illustrated in this figure includes mainland Japanese, Yayoi and Pima-Indian group. In this figure, the internal structure of the first main cluster is different from that found in the previous application. Negritos, Marquesas and Jomon are loosely attached to the other Pacific populations and isolated Japanese. Fig. 4 presents a two dimensional scattergram compiled by the method of principal co-ordinate analysis employed on the same matrix (Table 4) . A pattern of interpopulation relationships fairly similar to those in Fig. 2 emerges. In this figure, Negritos align more closely with isolated Japanese than with the Pacific populations, although the distance between Negritos and Ainu is larger in Fig. 4 than that in Fig. 2 . The result illustrated in Fig. 5 is the clustering of the eleven populations based on the B2 distance matrix in Table 5 . Interrelationships among the populations are roughly consistent with those in Fig. 3 except for the clustering of Marquesas. The isolated Japanese group and the Pacific population group fall within one cluster of Jomon and Negritos. As regards the interrelationships among the three Pacific popula- cipal co-ordinate scores are concerned.
In the present study, the affinities among the eleven populations were investigated based on the frequency distributions of the seven non-metric crown traits.
As described in the previous chapter, the sample number of Negritos was quite small. Therefore, the method of allocating a small sample group to one of two or more large sample groups by means of non-metric variants, which was developed by SJ*VOLD (1975), was applied. Table 6 gives the joint probabilities and the average probabilities that Negritos may belong to each of the other populations. The joint probability is the product of all the single probabilities that are calculated for each trait. Therefore, it approaches zero as the number of traits increases. The average probability, on the other hand, is expressed by the geometric mean of the product of single probabilities. This gives a more definite estimate of the likelihood for allocating Negritos to each of the other large sample populations (SJ*VOLD, 1975) . From Table 6 , it is readily recognized that the probabilities of Negritos belonging to the group of Ainu, Aogashima and Okinawa are the largest and to Pima-Indians, the smallest. From this result, Negritos may have the closest affinity to the isolated Japanese whose ancestor can be traced back to the southeast Asian ProtoMongoloid population (HANIHARA, 1989a (HANIHARA, , b, 1990 ).
Discussion
The populations, as total groups within the geographic areas of Polynesia, Micronesia, the Philippines, East Asia (Japan) and North America, possess a general basic pattern of dental morphology (HANIHARA, 1969; TURNER, 1987 TURNER, , 1989 HANIHARA, 1989a, b, c) . TURNER (1976, 1979, 1985, 1987, 1989) and TURNER and SWINDLER (1978) have developed a dental anthropological model of the late Pleistocene and Holocene population prehistory in these areas. In this study, the frequencies of dental traits are analyzed as multivariables because any racial group is not adequately characterized by a single trait and classifications in the study of population biology should be based on the sets of characters (SNEATH and SOKAL, 1973) . There exist some discrepancies between the results obtained by chi-square tests and those by distance analyses. The present study is, however, concerned with the total morphological pattern among the populations and not the comparison of individual characters one by one.
The results obtained support the twofold concept "Sundadonty"
and "Sinodonty" corresponding to the two large branches of the population system in the New World, East Asia and the Pacific (TURNER, 1983) . The non-metric dental traits of the Japanese, Yayoi and Pima-Indian group are the classic northern component in the Mongoloid populations termed the "Sinodont"
pattern (TURNER, 1987) . Those of the Micronesian, Polynesian, geographically isolated Japanese, Jomon and Negrito group are called the "Sundadont" pattern (HARRIS et al., 1975; TURNER and SCOTT, 1977; TURNER, 1987 TURNER, , 1989 HANIHARA, 1989c) , although it is within the range of Mongoloid dental variation (HANI-HARA, 1969; TURNER, 1987 TURNER, , 1989 . The great prehistoric migration from Southeast Asia to north part might have peopled Okinawa as well as mainland Japan. Minatogawa man of Okinawa, Jomon and then modern Ainu, and the residents of Okinawa and Aogashima are probably direct descendants of the ProtoMongoloid population in late Pleistocene Sundaland (SUZUKI and HANIHARA, 1982; TURNER, 1987; HANIHARA, 1989a HANIHARA, , b, 1990 . If the geogenetic source of the Pacific populations can be traced to mainland Southeast Asia of the Holocene period, as seems likely (RIESENFELD, 1956; SIMMONS, 1956 SIMMONS, , 1962 HOWELLS, 1970 HOWELLS, , 1976 HOWELLS, , 1977 HOWELLS, , 1979 THORNE, 1976; TURNER, 1979; BRACE and HINTON,1982; OMOTO,1984; HANIHARA, 1990) , then the results obtained assist in the delineation of the physical changes that occurred since man's migration to East Asia and the Pacific.
The findings of the present study provide further insight into the existence of two types of minor dental morphology in East Asia and the Pacific (isolated Japanese vs. Micronesian and Polynesian). This dichotomous relationship between the two population groups is quite parallel to that obtained by analyses of the cranial measurements (HANIHARA,1984; BRACE et al., 1989) and dental measurements (HANIHARA, 1990) . As regards the shape factor of the dental measurements, Negritos share intermediate traits between those of isolated Japanese and the Pacific populations, although they were more or less closely related to the former (HANIHARA, 1990) . In the present study, Negritos possibly fall within the morphological range for isolated Japanese.
As regards the physical characteristics of the Philippine Negritos, they did not escape the attention of some authorities such as BIRDSELL (1949, 1977) , COON (1962 ), HOWELLS (1976 , 1979 ), JACOB (1967 and KENNEDY (1979) .
Few investigators have, however, discussed the affinities of Negritos with modern East Asians and the Pacific populations from the viewpoint of the population history in these areas. OMOTO (1984) first pointed out that Negritos might have shared an ancestral stock with the "ProtoMalay" peoples and evolved in the late Pleistocene in the tropical rain-forest of Sundaland. In subsequent periods of biological history, the physical characteristics of this population might have been modified by the entry of Mongoloid agriculturalists into this part of the world (OMOTO, 1984) .
Taking these discussions and those reported by the present author (HANIHARA, 1940) into account, the dental evidence shown here indicates that a possible representative of the populations whose lineage lead to the Neolithic Jomon and the native Japanese population (and probably the Pacific populations) might have had dental traits like those of modern Negritos. In other words, the dental characteristics of the common ancestor of these populations might have been more or less like those of the Neolithic Jomon population and modern Negritos.
The strong genetic affinities of modern Negritos of Luzon (Aeta) to the geographically isolated populations in Japan have been stressed, the following point is still far from obvious; whether the two populations of their ancestors, the Proto-Mongoloid and the Prpto-Malay, have arisen from a common ancestor somewhere in Southeast Asia in the late Pleistocene, some 20,000-30,000 years B. P., or related only through the hypothetical ancestor (for example, the Proto-Australoid) and subsequent natural hybridization between the two populations did in fact exist (HOWELLS, 1976 , KENNEDY, 1976 , OMOTO, 1984 . To answer this question, the physical characteristics of the aboriginal population of Indonesia, the Mamanwa of Mindanao in the Philippines, modern Southeast Asian populations and so on must be investigated and compared with those of the populations treated in this study.
The Aeneolithic Yayoi population from Doigahama site in the western end of Honshu might have been the migrants from Korean Peninsula and their origin could be traced back to the populations in Northeast Asia (KANASEKI et al., 1960; HANIHARA, 1984; DOI and TANAKA, 1987) . It is quite likely that the dental traits of the majority of modern Japanese have been influenced by the large-scale migrations of cold adapted people called the Neo-Mongoloid population. It supports the "double structure hypothesis of modern Japanese formation".
Recently, MATSUMOTO (1987) concluded that the modern Japanese must have originated in Siberia, most likely being from the Baikal area based on the analyses of the frequency distribution of the Gmab3st gene. Certainly, it has become more and more evident that the migration from the Northeast Asian cold adapted population is deeply involved in the development of the modern Japanese physical characteristics. However, MATSUMOTO'S hypothesis is based on only one gene frequencies. We cannot ignore the basic population of not only Neolithic Jomon population but also modern Japanese whose ancestral roots can be traced back to the late Pleistocene Southeast Asian Proto-Mongoloid population. 
